B. BEET CELLS AND BETACYANIN
Vacuoles are fluid-filled organelles found in plant cells that generally contain solutions distinct from the remainder of the cell. We will use the vacuoles of beet cells to investigate conditions affecting membrane function. Roots of beet (Beta vulgaris) are red due to the water-soluble reddish pigment called betacyanin, localized almost entirely in the large central vacuoles of cells. In undamaged cells, betacyanin remains inside the vacuole, not being able to pass through the vacuolar membrane. What would happen if environmental stress impaired the function of this membrane? As environmental conditions became more severe, what would you expect to happen?
If you suspect that betacyanin might leak out of the vacuole and out of the cells you are right. Since betacyanin is a molecule that has a visible color, we can measure (quantify) how much of it is in a solution using an instrument called a spectrophotometer.
II. A CONTEXT FOR THE EXERCISE
Recall the steps in Scientific Process:
1. Make observations about the natural world. 2. Ask questions about, or formulate a reasonable testable hypothesis to explain observations. 3. Design and execute experiments to generate results, which could answer the question or test the hypothesis. 4. Analyze results and draw inferences regarding the veracity of the hypothesis and, if supported, how it might fit with "established" knowledge.
For this laboratory, you will run two different experiments.
Experiment 1:
Observation: Life on earth exists in many environments from frozen ice, to desert hot. Organisms are adapted to the environments that they live, but changes in the environment can expose organisms to extremes they may not be able to survive in. Hypothesis: When scientists investigate a new problem, they often start with observing changes in response to the environment prior to developing a hypothesis, experimental protocol, and predictions. It is hard to make a meaningful hypothesis if you have no background information on the subject. In this case, we will make changes to the environment of the beet cells and observe what happens. These initial observations can then be used to develop testable hypotheses and experimental protocols, which is how science improves our understanding of the natural world.
Experiment: You will use spectrophotometry and beet tissues exposed to different conditions to conduct your test. The exact procedures you will follow are in section III.
Results:
You should record your results in self-explanatory tables and/or graphs, and then analyze them to determine what you can learn from the experiment.
Experiment 2:
Observation: Recently, relative to the time life has been on earth, many chemicals have been introduced to the environment that never existed before in significant amounts.
Questions: Are cellular membranes affected by chemicals in the environment? Can we quantify (measure) membrane function in relation to chemical changes?
Hypothesis:
As above in the temperature experiments, this experiment will be observational.
Experiment: You will use spectrophotometry and beet tissues exposed to different conditions to conduct your test. The exact procedures you will follow are in section III. 
Results

III. METHODS
Work in groups of four or as directed by your TA.
These procedures will guide you through experiments to address the questions, and also expose you to methods that are used to conduct experiments like this by scientists. Pay attention to what you are doing, and think about why you are doing it. Otherwise, it's just a waste of time! A. Preparation
1.
Prepare nine uniform beet cores using a cork borer with an 8 mm inside diameter, and trim each core to 15 mm in length. Four of these cores will be used for the temperature-related treatments, and five will be used for the solvent treatments.
2.
Place cores in a beaker and rinse with room temperature tap water for 2 minutes to remove betacyanin that has leaked from damaged (cut) cells. Swirl the beaker repeatedly.
3.
Place one core in each of nine capped vials. Note that the caps of the vials are labeled appropriately for the test treatments already.
B. Temperature-related treatments
1.
For the cold temperature treatment, place the appropriate vial, without its lid on, in the freezer as instructed by your TA. Keep it there for 30 minutes.
2.
While the cold treatment is incubating, start the hot treatments. For each of the 3 hot treatments (20° C, 60° C and 100° C) remove the beet core from its vial, and place it in a separate beaker of water at the appropriate temperature. You will use room temperature water for the 20° C treatment, the hot water bath for the 60° C treatment, and the hotplate with boiling water for the 100° C treatment.
3.
Keep each core in the individual hot treatment beakers for 1 minute.
4.
Remove each beet core from the treatment beaker in the hot baths carefully with forceps, being sure not to squeeze the core. Return the beet cores to their respective vials, and add 15 ml room temperature tap water to each.
5.
When the cold treatment is done, remove the vial from the freezer, and add 15 ml of room temperature tap water.
6.
Keep all four temperature-treatment beet cores in their appropriate vials for 15 minutes, allowing leaked betacyanin to mix into the water. Gently swirl each vial occasionally.
7.
Quantify the amount of leaked betacyanin for each treatment by filling a cuvette with the solution, and using the spectrophotometer to measure the absorbance at 460 nm, the wavelength at which betacyanin absorbance is the highest. Make sure to calibrate or "blank the spec" first with a cuvette of tap water.
8.
List your results in a neat, legible table, and graph your results with temperature as the independent variable on the x-axis and absorbance as the dependent variable on the y-axis.
C. Solvent-related treatments
1.
To the five vials with beet cores, add 15 ml of the following solutions to the appropriate vial:
Tap water 5% Isopropanol 10% Isopropanol 25% Isopropanol 50% Isopropanol
2.
Cap each vial, and keep them at room temperature for 15 minutes. Gently swirl each vial occasionally.
3.
After 15 minutes, remove each core from its treatment and put it in the correct waste receptacle.
4.
Again, quantify your results for each treatment by placing a cuvette of each solution in a spectrophotometer and measuring absorbance at 460 nm. For measurements of solutions of isopropanol, you will still "blank the spec" using tap water.
5.
List your results in a clear, legible table, and graph your results with solvent concentrations as the independent variable on the x-axis and absorbance as the dependant variable on the y-axis.
IV. QUESTIONS V. OSMOSIS AND CELLULAR HOMEOSTASIS
In this experiment, you will use tissue from a red onion to observe the effects of a different environmental condition on an individual cell's ability to maintain homeostasis; in this case its ability to control the movement of water into, and out of, the cell Observation: Everyone knows that fresh water organisms generally can't live in salt water, and salt water organisms don't survive in fresh water (can you think of exceptions to this?).
Questions: What happens to fresh water cells when exposed to salty water?
We can consider onions to be "fresh water" organisms since they live in soil wet with fresh water (rain) not salt water, like a marsh. Knowing this, we might wonder: 1. What happens to onion cells exposed to salt water? 2. What happens if we expose onion cells to pure water? That is, with nothing else dissolved in it. 2. Can we actually observe a single cell as it tries to maintain homeostasis?
First, a little background. Cell membranes have been found to be semi-permeable. They allow some molecules to pass, and restrict the movement of others. They restrict molecules based on size and charge. Uncharged molecules may pass easier than charged molecules (ions). When salt (NaCl) is put into solution with water, it separates into 2 charged ions; one of Na + and one of Cl -.
Experiment:
Play with some onion cells and salt water, and see what happens when the conditions are changed! (See the procedure below).
Results: What did you observe?
Experimental procedure: Onion cells 1. Cut a small square out of a layer of the red onion (1-2 cm 2 ). 2. Slice off/peel the thin red layer on the outside of the square using a razor. If you are diligent you should be able to peel the layer off. If you resort to cutting, the thinner the layer, the better, so take your time. 3. Place the sample on a slide and try to keep it from folding up. Placing a cover slip over the sample will help. 4. Place the slide on the microscope and focus on the layer of cells that are filled with red pigment. Try to find an area where you can clearly see individual cells. Make a new slide if you need too! 5. Draw the cellular structure of these cells in your notes (note your magnification). If you look closely, you can see cell nuclei too. 6. Without removing the slide from the scope, drip a drop or two of 15%NaCl onto the edge of the cover slip. It should be pulled under the coverslip by capillary action, and cover your onion layer. 7. Continue to watch the cells for the next few minutes. You may want to move your slide around to see other areas of the slide since some parts of the tissue may react differently. Record your observations!
